Spatial interactions between saithe (Pollachius virens) and hake (Merluccius merluccius) were investigated in the North Sea. Saithe is a well-established species in the North Sea, while occurrence of the less common hake has recently increased in the area. Spatial dynamics of these two species and their potential spatial interactions were explored using binomial generalized linear models (GLM) applied to the International Bottom Trawl Survey (IBTS) data from 1991 to 2012. Models included different types of variables: (i) abiotic variables including sediment types, temperature, and bathymetry; (ii) biotic variables including potential competitors and potential preys presence; and (iii) spatial variables. The models were reduced and used to predict and map probable habitats of saithe, hake but also, for the first time in the North Sea, the distribution of the spatial overlap between these two species. Changes in distribution patterns of these two species and of their overlap were also investigated by comparing species' presence and overlap probabilities predicted over an early (1991)(1992)(1993)(1994)(1995)(1996) and a late period (2007)(2008)(2009)(2010)(2011)(2012). The results show an increase in the probability over time of the overlap between saithe and hake along with an expansion towards the southwest and Scottish waters. These shifts follow trends observed in temperature data and might be indirectly induced by climate changes. Saithe, hake, and their overlap are positively influenced by potential preys and/or competitors, which confirms spatial co-occurrence of the species concerned and leads to the questions of predator-prey relationships and competition. Finally, the present study provides robust predictions concerning the spatial distribution of saithe, hake, and of their overlap in the North Sea, which may be of interest for fishery managers.
species in an area may be more similar in its close neighbourhood than farther apart sea surface temperature) and bathymetry in order to improve the fit. Indeed, data explo-ration plots suggested that these two descriptor-response relationships were following a 209 cubic polynomial. The average temperatures observed were mapped at different periods 210 and seasons ( Figure S1 ).
211
Seasonal subsets were created, winter data covered January, February and March while 212 summer data covered July, August and September. Also, for model development, seasonal 213 datasets were split into two subsets exhibiting similar range of the different variables and 214 spatial autocorrelation: datafit included years 1991, 1992, 1995, 1996, 1999, 2000, 2003, 
Environmental models

229
Three environmental models per season were created, one for each species and a third one 230 for the overlap. All models initially included all biotic and abiotic variables presented in 231 previous section (2.2). Both types of variable were tested for collinearity (Dormann et al., 232 2013) and separation, which is an outcome of binary model fitting (Albert and Anderson, 233 1984). In order to limit the collinearity of independent variables, Spearman correlation 234 coefficient and Variance Inflation Factor (VIF) were analysed, with thresholds set to principle, only total presence of these four species were conserved. For cod and herring, the two length groups contrasted enough so that total presence were discarded in order 6, 7 and 6 to summer ones, completing Equations (2) to (4), respectively. 
Model calibration
283
Model calibration was realised using datafit dataset described earlier. only the outputs of spatial models, which explicitly account for spatial autocorrelation
340
were further investigated (Tables 2 and 3 ).
341
For each of the selected models, there are differences in explanatory variable selection 342 and in the contribution of these selected variables to the total deviance explained by the (Table 2) . in winter and 11.48% in summer) than by using only biotic and abiotic ones (Table 3) .
356
Concerning abiotic variables, temperature and bathymetry are the most important 357 in terms of deviance explained. However, the importance of these two variables varies 358 depending on the models and once again hake models differ from the two others. Indeed, ever, seasonal and period-related differences are revealed when each distribution is more 381 thoroughly investigated.
382
Saithe is mainly found in the northern region of the North Sea and the Skagerrak.
383
However, seasonal differences can be noted, particularly in the early period distributions.
384
In winter (Figure 3a ), saithe distribution is concentrated above 57.5
• of latitude. This 
408
The two species mainly overlap in the Northern North Sea, above 57.5
• of latitude. disentangling the respective effects of these two variables is a challenge.
467
The seasonal differences and the relations with depth and temperature are consistent However, the potential new interactions resulting from these shifts were less examined.
588
In addition, the lack of biotic features used in species distribution modelling (Johnson relations between predator occurrence and prey availability were statistically estimated.
606
The results obtained increase our understanding of interspecific interactions and more E5  E6  E7  E8  E9  F0  F1  F2  F3  F4  F5  F6  F7  F8  F9  G0  G1  G2  G3   30 
Supplementary material
Supplementary materials presenting maps of temperatures in the area of interest (Fig-615 ure S1), correlograms of non-selected environmental-only models ( Figure S2 ) and absolute 616 models fitting errors from early period ( Figure S3 ) are available at the ICES Journal of
617
Marine Science online version of the paper. In addition, the supplementary material 618 includes three regression parameters tables (Tables S1 to S3) 
